Introduction
Three main forms of intubation were identified in intensive care units (ICU): a) without medication, b) using just sedatives and pain relief in isolation, c) rapid sequence intubation (RSI). [1] [2] [3] While a single procedural protocol does not exist, there is consensus that the ideal conditions for intubation to be considered safe include total suppression of the reflexes (cough, vomit and laryngeal reflexes) and of movement (voluntary or involuntary) together with the use of techniques to prevent passive regurgitation. 2 Intubation without medication is acceptable only for cases of cardiorespiratory arrest or for patients in deep coma. 3, 4 While it is possible to perform the procedure using only sedatives, without muscle relaxants, the doses of these medications that are required to achieve the ideal conditions for intubation (muscle relaxation) are generally very large, making the time required for the procedure longer. This leads to a greater incidence of complications and provokes increased risk of adverse effects from the high doses employed. 5, 6 Currently, RSI has been gaining prominence as a means of eradicating the suffering and attenuate the physiological responses of children and adults resulting from laryngoscopy and tracheal tube insertion, through the use of a number of different medications with complementary effects and more appropriate dosages. [5] [6] [7] [8] [9] There is not yet, however, any consensus on the use of medication for the intubation of newborns. 10, 11 In addition to adequate sedation, securing an airway also depends on the ability, training and clinical judgment of the treating doctor. In order for training to be considered effective, with an average success rate of 90%, something around 60 intubation attempts are necessary. 5, 12 In our country there is no formal intubation training program in the majority of medical courses or residencies, meaning that many doctors learn intubation in clinical practice. The intubation failure rate for people in training is around 50% for the first 10 attempts, which is extremely high compared with the 0.035% achieved by specialists in theatre and 1% in emergencies. 10, 13 Based on these findings we believe that there is a great deal of variability in the intubation routines at pediatric and neonatal intensive care units (PICUs and NICUs). Thus, the objective of this study was to analyze the tracheal intubation procedure at model PICUs and NICUs in Porto Alegre in terms of the medication used, the degree of sedation and any associated difficulties and complications. The retrospective phase consisted of reviewing the medical records of all intubations that took place at the two pediatric ICUs during the study period and extracting from them the general patient characteristics and information on the medication employed to achieve sedation, pain relief and muscle relaxation during the procedure. The prospective phase was performed at the four ICUs (two neonatal and two pediatric) by means of (a) standardized interview with the senior doctor responsible for the intubation during the 48 hours immediately after the procedure; (b) completion of the protocol with data from medical records, vital signs charts and the first x-ray performed after intubation of the patient.
Methods
Primary outcomes assessed were: the use of medication (sedatives analgesics and muscle relaxants), the degree of muscle relaxation, the number of intubation attempts, the difficulties encountered and complications resulting from the procedure. The degree of muscle relaxation was estimated by means of questions on the presence of movements of the extremities, jaw rigidity or cough during the first intubation attempt. If the responsible doctor referred to any of these findings (cough, movements of arms or legs and jaw rigidity), resulted in the case being defined as having had inadequate muscle relaxation. Complications detected at the point of intubation or by the first post-intubation x-ray were described. Hypotension was defined as the presence of reduced arterial pressure during the intubation procedure in a patient with previously normal pressure, requiring therapeutic measures (volumetric expansion or vasoactive drug). Persistent hypoxemia was defined as saturation dropping below 85% during the intubation maneuvers, refractive to attempts at reversal with valve-bag-mask ventilation. Urgent intubations were all those cases involving cardiorespiratory arrest, bradycardia, apnea, cyanosis or accidental extubation. Intubations were classed as difficult when three or more attempts were required and/or those where the treating doctor judged them to be so.
Assuming a failure rate of around 10% for intubations performed by trained professionals and, assuming that the resident doctors perform the majority of these procedures, we estimated a probable failure rate of 30% with tolerance of 5%, accepting an α error of 0.05 and a ß error of 20%, and, in this manner, calculated a sample size of 120 pediatric patients and 120 newborns.
The retrospective stage of the study was designed to detect possible changes to the use of sedatives and muscle relaxants that might have been motivated by the prospective data collection. In response to the sufficient sample size, to the higher quality of the data collected in the prospective phase and to the fact that no pattern of prescribing change was detected between the two phases, we decided to study and analyze just the data from the prospective stage.
Quantitative variables with normal distribution were expressed as arithmetic means and standard deviations (DP), with groups being compared with Students t test for two independent samples. In cases of samples with asymmetrical distribution, medians and 25-75 interquartile ranges were used with the Mann-Whitney test. Qualitative variables were expressed in percentages and the chisquare test was used for possible comparisons. For all comparisons alpha cutoff was 0.05.
The project was analyzed and approved by the scientific and ethics committees at the two institutions. An individual free and informed consent form was given to each doctor, guaranteeing the confidentiality of the data and was signed by the majority of treating and resident doctors before data collection. Irrespective of whether they had already given signed consent, each doctor was asked to give verbal permission anew at each interview, which is to say that the doctors were at liberty to do the interview or not.
Results

Characteristics
Two hundred and ninety-seven procedures were analyzed during the 6-month study period, being 47 during the retrospective phase and 250 during the prospective stage. Four procedures were excluded because they had been supervised by the researchers themselves. Since the retrospective data collection had been restricted to intubations performed during the summer at the PICUs and covered a shorter period than the prospective phase, the number of intubations was considerably lower than during the prospective stage. There were no differences between the retrospective and prospective stages either in terms of the general characteristics of the patients (with the exception of median age = 9 months versus 18 months p = 0.002) or in relation to the use and doses of intubation medication (97% of the patients in the retrospective study received sedatives versus 89.5% of the prospective PICU patients, p = 0.01).
The 250 tracheal intubation procedures performed during the 3 months of the prospective phase were distributed as follows (Table 1) : 134 in PICU involving 83 children between 9 days and 17 years old (median = 1.5 years) and 116 in NICU involving 69 babies with ages 
Medication
Sedative and pain relief medication was used in 89.5% (n = 120) on the intubations performed at the PICUs and in just 23.3% (n = 27) of those performed at NICUs (p < 0.001).
There was a significant difference between the two different NICUs with respect of the use of sedatives during the intubation procedure (35.6 versus 2.3%; p < 0.001). Table 2 -Medication used for intubation at PICU and NICU * Some patients used more than one type of medication. † Percentage including all procedures performed at PICU and NICU. ‡ Mean total doses for each patient (dose x number of times the drug was used in each procedure), including only those who received the medication (mean and SD). PICU = pediatric intensive care unit; NICU = neonatal intensive care unit.
Intubation procedures at intensive care units Bonow FP et alii
Approximately 15% (n = 18) of the procedures on newborn babies were performed with the use of morphine, 10.4% (n = 12) with diazepam and 0.8% (n = 1) with fentanyl.
At the PICUs, however, the use of diazepam predominated, followed by morphine and thiopental. There were differences (p < 0.001) between the PICUs with respect of the drugs employed-with midazolam and fentanyl predominating in one ICU while in the other diazepam and morphine predominated.
Muscle relaxants were used in just 3% (n = 4) of the procedures on pediatric patients and 0.9% (n = 1) of those on neonates, with pancuronium being used in all five cases ( Table 2) .
Atropine was used prophylactically in 72.4% (n = 97) of intubations on children, observing differences between the two pediatric units (47.5 versus 82.9%; p < 0.001). None of the NICU patients had previously received atropine.
Degree of sedation
Based on information provided by the doctors, 53.7% (n = 72) of the pediatric patients were defined as having been adequately relaxed during the procedure compared with 31.9% (n = 37) of the neonates (p < 0.001) ( Table 3) .
Neither in the procedures performed at PICUs nor those performed at NICUs were there any significant differences between the groups classified as having adequate and inadequate muscle relaxation in terms of age, sex, preintubation saturation, post-intubation saturation, PRISM (PICU) and gestational age (NICU). The motive for intubation showed a greater incidence of tube changes among the pediatric patients defined as adequately relaxed (23.6 versus 6.4%; p = 0.016).
Among the newborns, the inadequate muscle relaxation subset contained more urgent cases (60.8 versus 39.2%; p = 0.023) while this finding was not observed among the pediatric cases.
In the PICUs, the patients with inadequate muscle relaxation received a greater number of sedative drugs (98.4 versus 81.9%; p = 0.004), larger doses of benzodiazepines and morphine, and were given thiopental more times. This phenomenon was not observed for the newborns, except in respect of the total number of drugs used which was greater among those who had been inadequately sedated (Table 4) .
Intubation attempts
An average of 2±1.3 intubation attempts were made at the PICUs in each procedure, with 24% (n = 31) requiring three or more attempts. The success rate by level of training was 65% for second year residents (46/70), 81.6% for third years (40/49) and 100% for treating doctors (48/48). Patients exhibiting adequate muscle relaxation were intubated at the first attempt in 59.7% of cases (n = 43) whereas this was possible in just 17.7% (n = 11) of those with inadequate muscle relaxation(p < 0.001).
WE observed an average of 1.9±1.2 intubation attempts per patient in the cases at the NICUs, with three or more attempts occurring in 24 Table 4 -Comparison between patients with adequate and inadequate muscle relaxation regarding the use and the dose of medication for intubation at PICU and NICU * Some patients used more than one type of medication. † Percentage including all procedures performed at PICU and NICU. ‡ Mean total doses for each patient (dose x number of times the drug was used in each procedure), including only those who received the medication (mean and SD). PICU = pediatric intensive care unit; NICU = neonatal intensive care unit; AMR = adequate muscle relaxation; IMR = inadequate muscle relaxation.
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Difficulties
Difficulties during intubation were reported in 38.9% (n = 52) of the pediatric cases and 29.3% (n = 34) of the neonatal ones (p = 0.149). At the PICUs there was more difficulty intubating patients defined as having inadequate muscle relaxation (54.8 versus 25%; p < 0.001). This finding was not observed for the subset of newborn babies.
Complications
Complications occurred in 28.3% (n = 38) of the pediatric procedures and in 12% (n = 14) of the neonatal ones (p = 0.002). At the PICUs there were no differences between the subsets with and without adequate muscle relaxation with respect of the overall incidence of complications resulting from intubation (22.2 versus 35.4% p = 0.132). The patients with inadequate muscle relaxation did, however, exhibit more persistent hypoxemia (Table  5) . We observed statistical differences between the two NICUs in terms of the incidence of complications (5.5 versus 23%; p = 0.010), with the number of urgent cases being lower in the NICU that presented fewer complications (56.2 versus 88.4%; p < 0.001).
level of qualification, it was observed that first year residents were successful in 35.7% of procedures (5/ Intubation procedures at intensive care units Bonow FP et alii
Discussion
In this study of the tracheal intubation procedure with children and newborn babies, we were able to demonstrate that: (a) there exists a wide degree of variation in the use of sedative and analgesic medication, both between the different pediatric units and between the pediatric and neonatal units, with sedatives and analgesics being used with greater frequency during procedures at the PICUs (90%) than at the NICUs (24%); (b) the use of muscle relaxants for intubation was below that suggested by the literature; (c) the degree of muscle relaxation obtained could be considered inadequate in a large proportion of the cases, since in almost 50% of the children and 70% of the newborn babies some type of reaction was observed during the procedure (cough, rigid jaw or movements); (d) inadequate muscle relaxation was demonstrably associated with a larger number of intubation attempts, higher incidence of difficulties and of hypoxemia during the procedure; (e) the success rate for tracheal intubation obeys a learning curve, being low among first and second year pediatrics residents (56%) and reaching safe and satisfactory levels among third year residents and treating doctors (93.9%); (f) 25% of the children subjected to intubation, both in the PICUs and the NICUs, required three or more attempts, which figure is greater than those found in the literature (3.2 to 20%). 8, [14] [15] [16] Aiming to control possible bias resulting from data collection by interview, we performed a retrospective stage in which it was observed that medication profiles were similar to those related during the prospective stage. Additionally, in order to avoid any effect from failure to remember important information we set the time limit for the interview to take place at 48 hours. One further limitation could be the fact that the majority of the intubations took place during the first semester of the year, when the residents are less experienced. Nevertheless, even assuming that the learning curve is detectably modified during the remaining period, the difficulties described really exist and must become the subject of discussion and the adoption of corrective measures. We therefore believe that the data obtained achieve methodological support and reflect, in a trustworthy manner, the true situation with respect of this procedure in these four units and, most probably, in Brazil.
Associated with the fact that there is no uniformity to the use of medications at the PICUs, we also observed that the doses given (in terms of body weight) were, in general, larger than the doses recommended in literature (Table  6) . 17, 18 This may be a result of the fact that the doses envisaged in the literature are recommended for RSI induction and not with the intention of achieving total muscle relaxation, in contrast with what, probably, happened with the patients in our study. Most probably, this muscle relaxation could have been achieved in a more appropriate manner by associating a short-duration muscle relaxant. We believe that the low level of muscle relaxant use in our sample may be a reflection of lack of experience with the use of these medications for intubation in our country, due to the lack of systematic theoretical and practical training on the subject. Furthermore, the restricted availability of short acting muscle relaxants at the ICUs studied and a possible concern with encountering a problematic airway appear to contribute to this finding. When comparisons are made with published data, we observe a frequency of RSI use in 61 to 85% of pediatric intubations in emergency rooms, ICUs and pre-hospital care services, against just 3% in our study. 9, 14, 19 In February 2004, Simon et al. 20 published a study evaluating the use of pre-medication for intubation in 75 pediatric and neonatal ICUs in France. They report that just 20% of these units have defined protocols for intubation sedation, with 37% of the newborn babies, 67% of the infants and 92% of the older children studied were sedated prior to the procedure. Muscle relaxants were used in just 3% of the intubations of newborns and 8% of those performed on children, similar data to those found in our study, although different from North American literature. They, in common with us, therefore concluded that there was underutilization of intubation medication and that this conduct should be reviewed in order to guarantee the safety and comfort of the patients.
Furthermore, we observed in this study that patients considered inadequately sedated required more intubation attempts, presented more complications (hypoxemia) and were more difficult to intubate. Such associations are described with frequency in the literature. 6, 10, 14, 19, 21, 22 In one multicenter observational study assessing pediatric intubations that took place at 11 emergency units in the United States, RSI was used for 81% of the patients, with 78% of these being intubated at the first attempt compared with 44% of those who received just sedation. 19 In addition to this, rapid sequence intubation has come to be considered a safe method of airway management, even being used as salvation therapy in some intubation failure cases. 10 Marvez et al. 8 evaluated 46 pediatric intubations with RSI and did not describe any complications or necessity for multiple intubation attempts. Another study describing 269 neonatal intubations, of which 94% used fentanyl and succinylcholine, also did not demonstrate significant complication; almost 80% of the patients were intubated at the first attempt and only 8% required three or more attempts. 15 Medication was employed much less at the NICUs than at the PICUs: just 24% of the newborns received sedatives or analgesics, and just one patient received muscle relaxation. The same appears to take place in the United Kingdom where a study evaluating neonatal unit routines found that just 33% of them habitually used pre-intubation medication, with muscle relaxants prescribed at just 8% of NICUs. The reason for not using medication, according to the British doctors, would be lack of time. 23 In our sample, despite more newborns than pediatric patients having been intubated in emergency situations, few were dealt with in conditions of extreme urgency (cardiorespiratory arrest), prophylactic surfactant administration or deep coma, in which cases there really is no time nor indication for medication. Furthermore, the beneficial effects of sedation and analgesia on intracranial pressure, the risk of a damaged airway, procedure duration and patient comfort should be considered. 15, [23] [24] [25] Set against this there appears to be a certain reluctance to use drugs because of the pharmacokinetic and metabolic alterations that commonly occur after the third trimester of pregnancy and last until at least 6 months of age, making the definition of dosages and the safety of drugs less predictable. 26, 27 A systematic review of nine neonatology studies concluded that while there is not sufficient evidence to prove the safety of the use of pre-intubation drugs with newborns, their use should be considered. 11 The wide variation in drugs chosen and doses given reflects the lack of training in airway management both on medical undergraduate courses and at the start of postgraduation. It is enough to look at the intubation success rates of first and second year residents (around 50%) and third year residents and treating doctors (near to 100%). What is observed, therefore, is that tracheal intubation training is obtained in a non-standard manner, being performed on the field of action and involving unstable patients. Ricard-Hibon et al. 22 assessing the intubation of adults before and after specific training on the technique and the use of medication (succinylcholine), concluded that the first attempt success rate (74 versus 55% with p < 0.01) was greater and time taken to intubate (1.4±3.2 minutes versus 4.1±6.7 minutes, p < 0.001) was shorter after training, demonstrating the importance of specific training in airway management. 22 In the face of these results it appears obvious that the medical curriculum must adapt itself to this need, just as airway management training should be prioritized at the start of medical residency, using protocols and courses with consistent methodology. Furthermore, we believe that the medication regime (sedatives, analgesics, muscle relaxants) used for tracheal intubation in our country should be reviewed in order to afford greater comfort and safety to patients in addition to facilitating the execution of the procedure itself. Table 6 -Medication used for intubation at PICU compared to the usual doses for intubation in pediatrics * Total mean dose for each patient (dose according to weight x number of times the medication was used in each procedure), including only those who received medication (mean and SD). † Adapted from Levin. 17 PICU = pediatric intensive care unit.
